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Light quark Yukawa coupo,wgs

HL-LHC prospects for measurement of 1st and 2nd generation gquark Yukawa couplings
k =y, lyM
979 [de Blas, Cepeda, d'Hondt et al '19]

K| <570, Kl €270, || <13, |k | <12

global fit, not completely model-independent
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HL-LHC prospects for measurement of 1st and 2nd generation gquark Yukawa couplings
[de Blas, Cepeda, d’Howdt et al '19]

K =yq/y5M
|lx,| <570, |x;| £270, |k | <13, |k |<L1.2

global fit, not completely moch-LwdepewdeWc

Alternative wa Yys:

* Higgs kinematics: Higgs+jet transverse momentum distribution
[Bishara Haisch, Monnl, Re 16&;

Soreq, Zhuw, Zupan "16]

[Bodwin, Pietrello, Stoywnev, velaseo '13; Kagan,
Perez, Pletrello, Soreq, Stoywnev, Zupan "14;

Alte, Konlg, Neubert 16
ATLAS 1#12.02#58, CMS 2007#.051222]

* Higgs decays to photon and vector mesons

* Charm tagging (strange tagging at Lepton coLLL%ggsz) Sorea, Stamow, Tobioka 15

BriVio, Goertz, lstdort "1.5;
ATLAS 1802.04329, CMS 1912.01662;
Duarte-campderros, Perez, Schlaffer, Soffer '1€]



HL-LHC prospects for measurement of 1st and 2nd generation gquark Yukawa couplings
[de Blas, Cepeda, d’Howdt et al '19]

K =yq/y5M
|KM|S5709 |Kd|S270, |K5|Sl3’ |Kclsl°2

global fit, not completely modeL—LwdepewdeWc

Alternative wa Yys:

* Higgs kinematics: Higgs+jet transverse momentum distribution
[Blshara Haisch, Monni, Re "16;

Soreq, Zhuw, Zupan "16]

[Bodwin, Pietrello, Stoywnev, velaseo '13; Kagan,
Perez, Pietrello, Soreq, Stoynev, Zupan '14;

Alte, Kinig, Neubert 16
ATLAS 1#12.02#58, CMS 2007#.051222]

* Higgs decays to photon and vector mesons

* Charm tagging (strange tagging at Lepton aoLLLgLitfz) Sorea, Stamow, Tobioka 15

BriVio, Goertz, lstdort "1.5;
ATLAS 1802.04229, CMS 1912.01662;
Duarte-Campderros, Perez, Schlaffer, Soffer '1£]

n this talk: explore the potential of Higgs pair production for measuring the light quark
Yukawa couplings
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At dim-6 Level the Higgs couplings to fermions are modified by the operator
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v the following consider only flavour diagownal case.
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Higgs pair production in SM, gluow fusion dominated by heavy quark Loops
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contribution most tmportant for 1st generation (given the coupling Limits)



Higgs patr production

pp — hh(qqA) /s =14TeV
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decrease of BR for typical di-

tncrease of cross section, :
Higgs final state

(also modified distributions)
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Results 1st generation

HIL-LHC: a =14 TeV, L= 3 ab” !
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Expected sensitivity likelihood fit for HL-LHC

Results comparable to other direct methods,
note that one can probe “non-linarities” in 1st/2nd generation
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Making use of tech V\iques apptied ln  [Kimetal ‘16. Perez et al. ‘15 "16]

The final state hh — ccyy can be probed making use of b-mistagging tn hh — bbyy

i By €1 €p2 €5 + Tpp Be €y se1 €psen €5
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U;SL;I\LA BE M €p1 €p2 K\ c-jet contamination of
tagged b-jets

Not yet sufficient to obtain good sensitivity, introduce also c-tagging.

HL-LHC: /s =14 TeV, L= 3 ab™"
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Higgs pair production can provide DIRECT bounds on light quark Yukawa couplings.
nerease of cross section due to hhgq coupling.

2nd generation: exploit charm tagging.

Study for smowmass:

* (nvestigate future collider options
* Cownfront with other direct probes (Higgs +J'e’c, )

* LV-models [see sSamuels and Douglas talk toolagj]

Thanks for your attention and:
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nvartant mass distribution

pp — hh /s = 14 TeV
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Nown-Linearities

Vs =14 TeV, L= 3 ab~', pp — hh — bbyy (¢ = d) Vs =14 TeV, L= 3 ab™*, pp — hh — bbyy (¢ = u)
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Di-Higgs can tell us if the Higgs behaves non-Linearly
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c-tag | based on ATLAS scharm awaLgsis (1501.01325), c-tag | and l based on ATLAS-

—10F
—15}F

—20F

Charm tagging working points

c-tagging €c € uc(up) 95% CL
c-tag | 19% 13% 10.1
c—tag | 30% 20% 8.2
c-tag Il 50% 20% 3.8

TPR-19 and ATLAS-PHYS-PUB-018-2015
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_ HLLAC: 5 =14 TeV, L=3ab
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